Stress, either physical or psychological, can have a dramatic impact on the immune system. Little progress, however, has been made in understanding stress-induced immune suppression. We report here that mice subjected to chronic 12-hour daily physical restraint for two days significantly increased the expression of Toll-like receptor 4 (TLR4). Interestingly, TLR4-deficient mice are resistant to stress-induced lymphocyte reduction. In addition, restraint stress caused dramatic decrease in T help 1 (Th1) cytokine IFN-γ and IL-2 levels but increase in Th2 cytokine IL-4 in wild type mice. Moreover, the restraint stress significantly inhibits changes of Th1 and Th2 cytokines in TLR4-deficient mice compared with the wild type mice. Therefore, stress modulates the immune system through a TLR4-dependent mechanism.
Introduction
Psychological and physical stressors influence cytokine responses (Stone and Bovbjerg, 1994; Wilder, 1995) , cytolytic activity, lymphocyte proliferation (Gonzalez-Quijano et al., 1998) , lymphocyte number (Yin et al., 2000; Pedersen and Nieman, 1998) , and neuronal signal transmission (Marz et al., 1998) . Many studies have revealed that exhausting physical activity and psychological stress have significant suppressive effects on the immune system (Ader and Cohen, 1993) . Such suppression of the immune system has strong implications for disease susceptibility and progression (Dhabhar and McEwen, 1997) , which is at least in part due to the reduction of lymphocytes (Zorrilla et al., 2001) . Previous studies in both humans and animals have revealed that stress could promote autoimmunity (Shanks and Kusnecov, 1998) and infectious diseases by influencing the course and outcome of the pathological processes (Sheridan et al., 1998) . Previous studies by Dhabhar and McEwen (1999) have shown that acute restraint stress could significantly enhance delayed-type hypersensitivity reaction, while chronic stress could decrease immune function and enhance susceptibility to diseases (Yin et al., 2000; Dhabhar and McEwen, 1997) .
Apoptotic cell death is an active process mediated by various signaling pathways, which include cell death receptor Fasmediated pathway (Yin et al., 1999) . Our previous studies utilizing the restraint stress model have shown that chronic
